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ROAD   MATERIALS   ALONG  THE   ST.   LAWRENCE 

RIVER,  FROM   THE  QUEBEC   BOUNDARY 

LINE  TO   CARDINAL,  ONTARIO. 


INTHODICTOHV. 

A  road  tiuitcrijils  survey  was  nmtic  diuinf:  the  summer  of  1017  over  a 
strip  of  country  4  to  "i  miles  in  widtli,  alcnp;  the  St.  Lawrence  river,  from 
the  Queliec  boundary  line  to  Cardinal,  Ontario.  This  area  extends  over  a 
distance  of  .■)'.)  miles,  and  includes  pe.ir-i  of  (denRarry,  Storniont,  Diiiidas, 
and  (irenville  counties.  The  survey  was  undertaken  in  order  to  secure 
information  regarding  available  nad  making  materials,  with  a  view  to 
facilitating  the  planning  of  the  proposed  improveil  highway  between 
Montreal  and  Toronto.  The  route  of  this  highway  will,  ])resumably, 
follow  the  bank  of  the  river. 

The  writer  was  assisted  in  his  task  by  I^.  Clermont  and  K.  Giguere, 
who  performed  their  work  in  a  thoroughly  satisfactory  manner. 


GENERAL  CHARACTER  OF  THE  COUNTRY. 

TOPOGRAPHY. 

The  country  extending  along  the  St.  Lawrence  river,  Ix'tween  the 
border  line  of  Quebec  province,  and  Cardinal,  Ont.,  and  at  right  angle 
therefrom  northward  for  .j  miles,  is  best  described  as  a  rather  fiat  plain, 
sloping  southeastwards  to  that  river.  Between  Cornwall  and  Lancaster 
a  characteristic  feature  is  the  occurrence  of  a  series  of  ridges  trending  in  a 
direction  parallel  to  the  St.  Lawrence  river.  Wi'st  of  Cornwall,  and  .as 
far  as  Aultsville,  broad,  low  hills  are  commonly  seen.  ^L1ny  of  these  hills 
have  long,  narrow  ridges,  running  approximately  north-south,  bordering 
their  western  edge.  At  their  south  end  the  ridges  rise  a  few  feet  over  the 
hill  with  rather  sharp  western  slope;  but  towards  their  north  end  they 
become  gradually  lower,  and  are  not  clearly  distinct  from  the  rest  of  the 
hill.  Between  Aultsville  and  Cardinal  the  same  hills  and  riilges  are  found 
in  smaller  number,  and  rise  only  a  few  feet  above  the  plain. 

East  of  Cornwall,  the  plain  lies  only  a  few  feet  above  the  level  of  the 
St.  Lawrence.  It  rises  northward  at  a  very  low  rate.  The  parallel  ridges 
bet.veen  (Cornwall  and  Lancaster  have  elevations  of  from  2")  to  50  feet 
above  the  flat.  West  of  Cornwall  the  main  flat  is  from  lii  to  2.')  feet  above 
the  water-level  of  the  St.  Lawrence.  The  hills  and  ridges  between  Cardinal 
and  Cornwall  rise  at  elevations  of  from  5  to  30  feet  above  the  plain,  the 
highest  being  near  Cornwall.  The  divide  between  the  Ottawa  and  St. 
Lawrence  River  basins  come.s  into  the  5-mile  belt  north  of  Morrisburg; 
and  near  Cardinal  it  is  only  2  miles  from  the  shore  of  the  St.  Lawrence. 
At  this  point  the  northern  side  of  the  divide  has  a  slope  of  oidy  a  few  feet 
per  mile,  while  the  southern  side  slopes  at  a  rate  of  abuut  25  feet  per  mile. 
The  many  small  creeks  emptying  into  the  St.  Lawrence  river  form  gullies 
along  the  shore,  these  being  particularly  common  between  Cornwall  and 
Morrisburg. 


rho  Riiism  river  IS  the  only  important  stream  draining  the  rountrv. 
It  rises  only  a  few  miles  from  the  St.  Lawreneo  river,  runs  nearly  parallel 
to  It  for  over  20  miles,  and  empties  into  th.-  main  river  at  Lancaster,  !)  mil.-s 
west  of  the  eastern  border  of  Ontario.  It  Hows  throURh  a  flat  channel 
with  an  aveniKc  all  of  :i  f.-et  per  mile.  The  wat.r-level  of  the  .St.  llwre"!.,: 
river  above  ardinal  and  of  Lake  St.  Francis  near  the  ()iiel)ec  line  is  042 
teet  .•in.  l.,:{  feet  respr-ctiv.-ly.  above  sea-level.  Manv  stretches  „f  land 
especi.'illy  in  the  <lepi,.ssi,jns  between  ridges,  are  marshv,  and  have  remained 
uncleared. 

GEOLOGY. 

The  rock  outcrops  consist  of  Beekmantown  dol(miit(>s  and  Black 
Kiver  and  C  hazy  hmest.uies:  all  of  the  Palipozoic  era.  Dolomites  of  the 
Beekiiiantown  are  seen  exposed  at  >ever;il  places  around  ("ardinal.  The 
.stone  IS  generally  dark  grey  in  colour,  and  medium  to  fine-grained.  All 
the  outcrops  are  of  rather  small  extent,  and  in  ne.arlv  everv  case  thev'lie 
in  the  north  slope  of  flat  hills  4  to  I.1  feet  in  height."  The  highest  hill  is 
found  11^  miles  west  of  Cardinal,  where  a  large  excavation  has  expos.'d 
a  section  2.i  feet  in  h.Mght  above  underground  water-level.  Exposun-s  of 
Black  l{iver  limestone  occur  at  different  points  north  and  west  of  Cornwall 
only  two  are  of  real  importance,  one  4  miles  north,  and  the  other  ,",* 
miles  west,  of  that  town.  The  stone  is  very  dense,  .almost  black  in  colour 
and  presents  the  same  character  in  nearlv  everv  case.  The  stone  occur- 
rences^ he  in  low  pla.-es;  and  west  of  Cornwall  most  of  it  is  covere.l  with 
from  2  to  in  feet  of  drift,  except  where  exposed  bv  rpiarrving.  One  mile 
southeast  of  Summerstown  station,  limestone  of  the  Chazv  formation  lies 
close  to  the  surface,  covering  an  area  of  about  2  acres.  The  rock  is  (>xposed 
in  an  old  quarry,  to  a  .lepth  <.f  2  feet,  but  does  not  outcrop  on  the  surface. 
Ihe  stone  is  light  grey  in  col.-i-,  an-l  of  medium  (>ven  grain. 

The  beds  of  the  dolomites  and  limestones  dip  at  verv  low  angles  with 
tlie  liorizon.  The  Beekmantown  dolomites  are  thin-bedded,  and  Black 
Kiver  lim(>stones  thick-bedded,  with  nianv  iwn.Ml-liiie  partings.  The 
joints  are  approximately  at  right  angles  to  the  bedding  plane,  but  show 
no  regularity  111  other  wjiys. 

Glacial  striae  were  observed  north  and  west  of  Cornw.all,  with  direction 
varying  from  N  12°  W  t„  X.  20°  W.  Other  striae,  less  commoiilv  se,-n, 
had  directions  of  N.  10°  E.,  x.  igo  j..    .j,^^,  ^.    ..o  -^y 

A  laru'c  part  of  the  country  west  of  Cornwall  is  covered  v.ith  boulder 
clay  io  the  east,  tli.'  boulder  day  is  found  more  often  on  the  higher 
lands,  lying  in  the  form  of  small  ridges  and  hills.  .\s  s.cn  from  a  few 
shallow  se(|ti()ns.  it  is  most  fre(|iiently  e(ui)posed  of  ronmled  boulders  and 
angular  pebbles  in  a  light  blui  h- grey  malrix  of  fine  sand,  silt  and  some 
clay.  1  he  pebbles  are  largely  limestone.  Th.-  i)r(,portion  of  ch.v  in  the 
matrix  seems  to  b,-  highc  •  west  of  Morrisburg  than  to  the  east.  The  most 
important  gravel  deposits  lie  in  Cornwall  and  Osnabnick  townships. 
<  )u  side  of  tins  area  thay  are  of  less  frequent  occurrence.  Between  ( 'ornwall 
and  the  Ouebec  border,  the  gravels  lie  in  Hat  ri.lges  on  top  of  the  boulder 
clay  without  any  distinct  outline  between  the  tw(..  West  of  Cornwall 
most  of  then,  form  small,  ^velI-mark...l  ridg.-s  lying  on  th..  western  slope 
of  large  iKMilder  clay  hills.  They  are  in  most  plac's  verv  bouhlerv  on  top 
becoming  finer  an.|  more  markedly  stratifi..!  below.  The  deposit;  contain 
marine  shells,  oc<Mirring  in  aggregations  and  lavers  in  the  boulders  ami 


Uravcl  to  depths  of  13  'ovt  from  tho  siurfacc.  The  occurrcnco  of  collections 
of  unbroken,  fragile  shells,  in  and  under  thick  lioiddery  (U'j)osits,  is  of 
gcoloKicnl  interest.  Stratified  hlue  muriiie  clay  occupies  most  of  the  country 
north  and  east  of  Cornwall.  Much  smaller  strips  of  marine  clay  are  seen 
west  of  Cornwall,  and  close  to  the  river.  A  narrow  licit  of  sand  lies  along 
the  shore  of  the  St.  Lawrence  river  for  Iti  miles,  from  Cornwall  west  to 
Aultsville. 

ROAD  CONDITIONS. 

The  St.  Lawrence  River  road  is  the  most  imjiortant  line  of  travel 
through  the  area  under  consideration.  It  will  probably  be  made  piirt 
of  the  Montreal-Toronto  trunk  road.  Most  of  the  through  traffic  goes 
over  it.  This  is  not  heavy  at  present,  due  to  the  bad  condition  of  the  road. 
Other  lines  run  at  right  angles  to  this  road  from  the  principal  towns  along 
the  river.  Of  these  the  Cornwall,  Morrisburg,  and  Lanc;ister  roads  carry 
the  heaviest  traffic.  The  road  from  Lancaster  northward,  leads  to 
Alexandria.  The  Morrisburg  road  goes  through  Winchester  and  Metcalfe, 
connecting  with  the  Metcalfe  road  to  Ottawa  The  road  from  Cornwall 
connects  northward  with  the  old  King's  road,  which  wi's  the  first  ojieiied 
by  the  early  settlers  in  this  part  of  the  Province,  and  remained  for  a  long 
time  the  main  line  of  travel.  The  local  traffic  on  the  Morrisburg  and  ( 'orn- 
wall  roads  is  nearly  eciuivalent  to  that  over  the  front  road.  The  old 
King's  road,  although  more  extensively  used  than  farm  roads,  is  subjected 
to  a  light  traffic. 

Cirades  on  the  St.  LawreiKre  road  are  flat,  except  from  Mille  Roches 
west  to  Cardinal,  where  many  steep-sided  gullies  formed  l)y  streams 
flowing  into  the  St.  Lawrence  are  crossed.  The  Lancaster  and  Morrisl)urg 
roads  run  through  perfectly  level  land.  The  country  traversed  by  the 
Cornwall  and  the  King's  roads  is  slightly  rolling,  with  long  gentle  grades. 

Sections  of  the  St.  Lawrence  road  have  been  gravelled  or  macadamized 
at  different  times.  As  a  whole,  it  is  in  bad  condition,  although  the  surface, 
for  the  most  part,  is  still  firm.  This  will  undouV>tedly  help  out  in  building 
a  foundation  for  a  new  road.  The  soil  idong  the  front  road  consists  of 
blue  marine  clay  in  the  east  part  of  the  surveyed  area,  and  boulder  clay 
in  the  west  part,  A  belt  of  sand  stretches  {n>m  ('(jrnwall  to  Aultsville, 
but  it  is  very  thin  towanls  the  west,  and  only  ])artly  covers  the  underlying 
clay.  Small  isolated  areas  of  sand  are  encountered  between  Morrislmrg 
and  Cardinal.  In  the  high  parts  of  the  road  in  Cliarlott(>iiburg  township, 
the  soil  is  largely  ma<le  tip  of  sand  and  boulders. 

During  the  spring,  the  Hiver  road,  where  the  swanijis  of  Lancaster 
and  eastern  Charlottenburg  townsliips  are  crossed,  is  said  to  be  in  very 
bad  condition.  Near  the  western  border  of  the  latter  townshi]).  and  in 
some  of  the  gullies  between  Aultsville  and  Morrisl)urg,  the  stoned  siii- 
facing  is  completely  gone,  exposing  the  clay  subsoil,  which  in  wet  weather 
is  cut  into  deep  ruts,  Ivist  of  Mille  Hoches,  a  section  of  road  through 
heavy  sand  has  given  much  trouble.  The  stoned  surfiice  on  the  Cornwall 
and  >Iorrisburg  roads  is  in  good  condition,  except  for  one-half  mile  through 
a  swamp  north  of  Morrisburg.  This  section  is  cut  by  as  many  as  10 
longitudinal  ruts  in  the  width  of  the  travelled  wiiy.  The  Lancaster  and 
King's  roads  have,  at  different  times,  lieen  partly  gravelled  but  are  now 
hardly  any  more  lli;in  good  earth  roails.  The  former  is  said  to  be  badly 
drained  in  the  sjiring. 


ROAD  MATERIALS 

ncdrock,  field  jitone,  and  Rravel,  arc  the  only  availahio  road  matcri:ds. 
Rock  exposures  are  of  small  extent,  and  occur  only  in  a  few  i)'aees.  Roiilder 
deposits,  or  field  stone  and  gruvel  deposits,  are  most  common  between 
Cornwall  and  Aultsville,  hut  everywhere  else  they  are  found  only  in  isolated 
patches.  From  the  Quebec  border  west,  nearly  as  far  as  Lancaster,  boulders 
and  Rravel  are  of  very  rare  occurrence.  The  bedrock  is  probably  the  best 
road  material,  although  the  field  stone  in  certain  localities  is  n«arly  eciuiva- 
lent  to  it  in  durability.  The  proportion  of  durable  material  in  thi'  boulder 
deposits  of  fieUl  stone  increases  regularly  from  the  east  to  the  west  end 
of  the  area.  The  boulder  deposits  are,  with  a  few  exceptions,  of  In-ttor 
quality  than  the  gravel  deposits  of  the  same  locality.  The  best  gravels 
•iccur  in  Cornwall  and  Osnabruck  townshii)s.  The  bedrock,  most  of 
the  field  stone,  and  .several  gravel  deposits,  are  suitable  materials  for  brohen 
stone  or  gravel  roads  under  ordinary  country  trafFc  conclitions,  but  none 
of  them  would  be  sufficiently  durable  to  be  used  on  roatls  subjected  to 
fairly  heavy  traffic. 

BEDROCK. 

Twenty-five  outcrop  areas  were  mapped  within  the  district  surveved; 
all  of  which  were  of  small  extent.  Nine  outcrops  of  Beekmantown  dolomite 
occur  around  Cardinal,  and  west  of  Iroquois.  Eleven  exposures  of  liiack 
River  limestone  are  seen  in  two  localities  west  and  north  of  Cornwall 
respectively.  Two  small  areas,  one  of  Black  River  and  the  other  of  Chazv 
limestone,  lie  in  the  west  end  of  Charlottenburg  .township.  Southeast 
of  Sunmierstown  .station,  there  is  a  small  quarry  of  Chazy  limestone. 

Laboratory  Tests. 

Tests  have  been  made  on  three  sami)les  of  Beekmantown  dolomite 
occurring  north  and  wes(  of  Cardinal,  and  on  four  samples  of  Black  River 
limestone  exjKised  north  and  west  of  ("ornwall;  .see  Table  II,  page  6. 

Recent  standard  recommcndatiihs  on  the  per  cent  of  wear  and  tough- 
ness of  stone  used  in  road  surfaces  an>  given  in  the  following  table': — 

TABLE   I. 

Limiting  values  of  percentage  of  wear  and  toughness  under  varying 

traffic  conditions. 


Txpe  o(  roiij  surf:ipo. 


I. ieht  traffic  up  tn  aimut  Mixlerato  traH-.o.   Ilkl  tnHeiivvtraffic.i.W  vi'lucles 
ll»l  vphiolM  ptfr  (lav.     !    im  vohicles  jht  day.      i        por  day  and  omt. 


pvr  p,*nt. 


WattT-lxiund  maeatlain.. 


Bituminous  broken  stone  with  M.>al 
coa*  an<l  broken  stone  with  bitu- 
minous* carp^'t-  J.      8— 
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h.]     3  5 
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Wear.         ~       ,  Wear,       |  „ 

percent.       iounhness.       percent.       Touglinow. 


•!■)  5      into  IS 


5-7- 

4- 

3  5- 

3  5- 


1"+ 

134- 
13+ 
13-1- 


(Uo2-: 


5-7- 


4- 

3-3- 
3-5- 


l"-t- 

13-t- 
13-i- 
13-r 


0  Ilecomm.-nded  by  the  Office  of  F'ulilic  Koaila.  Wa.-iliington.  IIIKi. 

b  Ki>coninu'nded  by  the  American  Society  ol  Slunicipal  Improvenients,  IIU. 

r  Uect>iumended  by  the  Xrnerican  .s.K-iety  of  C'i\-il  Knaineers.  !IM7. 

"i"  =  |_'^"*i  over."  that  is,  the  hgurp  is  a  ininiinuni  value. 

—   =  "and  under."  tfiat  is,  the  figure  is  a  niaximuiu  value. 

.  Ueinecke,  I,  ,  "N'on-BituminouF  Road  Materials;"  Economic  Geology,  \  ol.  XIII,  \o.  S,  December,  I 


AccorfliiiK  (c»  afi)'"fiii('iiti()iii'il  I'cciiiin'mciits,  twd  of  the  seven  saiitples 
tested.  Xos.  17  iiiid  22,  are  i)f  suffirieiit  <liiral)ilify  for  Iteavy  traflfie,  if  used 
on  till'  roail  siiifaee  in  coniiexioii  with  a  liiliiniinous  carpet,  while  the 
reniaiiiine  fiv<'  samples  tested  are  only  suitalde  for  use  in  waterhound 
niueaduni  roads  siihjecled  to  li^ht   tralHc. 
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Service  Testa. 

Ill  only  one  instance  hiii*  hedroek  liceii  us«m1  for  loiul  surfticiiiK:  at  the 
time  the  tlalop  canal  was  <hiK — 15  to  20  years  aito — the  canal  road  lietweeii 
Iroquois  and  rock  outcrop  No.  IS  was  surfaci'd  with  lirokeii  stone  hlasted 
out  of  the  canal  channel.  No  repair  work  has  ever  been  done.  \\'lien 
seen  in  the  fall  of  1!M7,  it  was  worn  cut.  As  many  as  12  lonniludinal  ruts, 
varying  in  depth  from  1  to  ',i  inches,  had  lieeii  worn  in  the  width  of  the 
travelled  way.  No  deductions  as  to  tiie  f|Uality  of  the  stone  can,  of  couix". 
he  drawn  from  this  case. 

Availability. 


Exposures  of  lieekmantown  dolomites  occur  in  most  cases  on  the  north 
slope  of  low  hills.  The  exposure  west  of  Cardinal  appears  the  iiiosi  pro- 
mising for  future  development.  A  larjje  excavation  has  left  exposed  a 
Iti-foot  .section  of  nood  stone  above  underground  water-level,  with  from 
1  to  4  feet  of  loamy  silt  and  sand  coveriiin  the  rock,  'i'he  overliurden 
would  prohalily  he  a  serious  ohstacle  to  extensive  (|Uarrviii^c,  hut  several 
thousand  cuhicr  yards  c.-in  he  obtained  without  much  siri|)|)inii.  The 
two  dolomite  exposures  :{  miles  north  of  Cardinal  are  covereil,  one  ))y  a 
few  inches  of  houlder  clay.  an<l  the  other  hy  from  l  to  12  inches  of  loam, 
except  in  the  centre  of  the  latter,  where  the  thickness  is  unknown.  Assum- 
ing that  excavation  is  lindted  to  thinly  covereil  are:is  oidy.  the  two  exposures 
should  yield  over  1(),(M)0  cubic  yards  of  stone,  taking  Ij  yards  as  the 
average  depth  of  exca\ation.  In  case  of  deeper  (lUarryiiuj.  the  ground 
water  would  have  to  be  taken  into  account.  The  hauling  distance  to  th(> 
front  road  and  canal  from  this  place  is  not  ipiite  3  miles.  In  outcrops 
Nos.  20  and  21,  the  stone  splits  readily  in  thin  layer-:.  It  could  be  (piarried 
to  a  depth  of  2  yards  without  trouble  arisiii(j  from  underciound  water,  and 
very  little  strippinji  would  be  reijuired.  The  deixisit  lies  along  llie  road, 
and  three-fourths  of  a  mile  from  the  front  road  and  canal.  In  the  ease  of 
No.  1!»,  the  overburden  is  such  a  serious  fiietor  that  further  (|Uarryin(t 
is  out  of  the  (juestion.  Kxposuics  Nos.  17  and  IS  lie  in  a  I'lW  place  su 
rounded  by  swamji.  Over  2,(M)()  cubic  yards  could  |)rolialily  be  olitained 
without  exciivating  below  water-level.  Deposit  No.  1<»  lies  at  the  foot  of 
a  low  hill,  and  is  covered  witli  dark  bniwn  loam,  up  to  2  feet  in  thickness, 
(iuarryint;  deeper  than  2  feet  would  be  ham|)ered  liy  ground-ttater.  An 
excavation  of  that  depth  would  yield  over  ."),(K)0  cubic  yards.  The  deposit 
lies  I4  milts  from  the  front  road  and  canal. 

No.  10.  west  of  Cornwall,  is  an  exi)osure  wf  Black  River  limestone 
lyinu  near  the  foot  of  a  hill,  with  from  J  to  2  feet  of  bouldery  loam  on  top 
of  it.  About  30,000  cubic  yards  could  probably  l)e  obtained  by  quarrying 
to  a  de])th  of  Ih  yards.  It  is  situat(>d  within  a  hauling  distance  of  l.\  miles 
of  die  front  road,  canal,  and  railway  siding.  Other  exposures  in  the  same 
locality  lie  in  a  swamp,  with  from  2  to  8  feet  of  loamy  clay  covering  the 
rock.  The  rock  does  not  outcrop,  but  has  been  exposed  in  large  openings, 
now  nearly  filled  with  water.  The  overburden  is  too  lu'avy  for  further 
quarrying.  Over  20,000  cubic  yards  of  waste  stone  have  been  dumped  in 
several  big  piles  near  the  quarries.  The  stone  is  l.'u'gely  under  1  foot  i 
size.  Rock  outcrops  Nos.  G,  7,  and  7a,  north  of  Cornwall,  have  bee 
extensively  quarried.     Over  100,(X)0  cubic  yard.s  could  \)c  obtained,  wit 


avcrugc  tli'ptli  of  I'M'itViilioii  of  2  yarii'«.  TId'  (Icpn^its  ''w  iit  a  liaiiliDi; 
(lisluncc  of  4J  miles  from  tin-  front  roail.  No-,  I,  .">,  ami  S  arc  too  miihII 
to  l)('  considered  for  fiitiire  development;  \os.  2  and  '.i  are  donlitful  out- 
crops. Tlie  Cliazy  limestone,  southeast  of  Siiinmerstown  station,  is 
covered  ]>\  drift  varying  in  thickness  from  a  few  inches  to  2  fee^.  A  few 
thousand  ciihi*'  yards  could  lie  taken  out,  (pntrryinK  at  an  averaiie  depth 
of  I  yard.  The  material  would  have  to  lie  hauled  nearly  ',i  miles  to  reach 
the  front  road. 

BOl  LDtR  DEPOSITS  OR  FIELD  STONE. 

While  an  inspection  of  rock  outcrops  and  (travels  was  inaile  on  a  .')-mile 
licit  aloiiK  the  St,  Lawrence  river,  lioulder  deiMisiis  wi-re  examined  and 
mapped  onlr  a  ■  far  as  2  miles  from  the  river.  The  field  stone  is  of  most 
fre()ueiif  occti  cnce  lietween  I^ancaster  and  Aultsville,  and  farther  west 
hetweon  Iro(|ii(iis  and  Cardinal.  From  Aultsville  west  to  Irocpuiis  it  lies 
only  in  small  detached  areas,  iiiid  is  especially  scarce  aroiuid  Monisliurjr, 
and  from  Lancaster  east  to  the  (^ueiiec  horder.  Talile  III  ai^-vs  the 
yardage  ami  composition  of  the  field  stone  for  each  township,  beginning 
at  the  east  end  of  the  district  examined.  There  are  separate  amounts  for 
th<'  stone  tuider  1  foot,  and  for  that  over  1  foot  in  size.  The  composition 
is  in  pcrcentane  of  "Purahle,"  "Interme(liate,"  and  "Soft."  "Diu-aMe" 
includes  granites,  jjneisses,  syenites,  koI'Itos,  anortl.osites.  "Interme- 
diate" includes  partly  weathered  stones  of  the  ahove-nained  tyjK's,  much 
foliated  gneisses;  fine-jjrained  Potsdam  sandstone:  Bcekmantown  dolomite; 
('hazy,  Black  Kiver,  and  Trenton  limestone;  and  ("hazy  sandstone.  "Soft" 
inclmicH  coarse-Brainecl  Potsdam  sandstone;  soft  or  shaly  limestones;  soft 
(hazy  sandstone;  an<l  weathered  stone  of  all  kinds. 


TABLE  III. 

Amount  and  Composition  of  Field  Stone. 
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Ottnabruck 
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1  Only  n  i^inall  part  of  thi»  township  wap  furvpyed . 

The  proportion  of  stone  under  1  foot  in  size  varies  for  the  different 
townships,  from  two-fifths  to  two-thirds  of  the  total.  The  stone  over 
1  foot  in  size  has  everywhere  a  higher  proportion  of  "Durable"  than  the 
smaller  stone;  and  this  projwrtion  increases  rejfularly  for  both  sizes  of 
stone,  towards  the  west  of  the  district.  The  types  of  stone  classified  as 
"Durable"  are  ncjrly  the  same  all  over  the  area,  consisting  mainly  of 
gneisses,  syenites  and  granites,  with  gabijros  and  anorthosites  in  smaller 
amounts.     The  constituents  of  "Intermediate"  and  "Soft"  vary  with  the 


0 

localii  llif  l\|»'  iijinxiiiiiiir  tlif  iiinlirlyiiiK  rock  tfi'iicrally  pi'ciliiiiiiiiiiliiii:. 
In  I.aiifa>tcr  lowiisliip  the  siDiir  n^  \n\w\y  *  hazy  liiii)">t<iiic  ami  •>aii(Ut(iiic: 
('la^siticit  an  "Iiilfiinciliati',"  iiml,  wlinc  partly  weathered,  a«  "Sul'l." 
The  same  kiixN  are  l'i>iin<l  in  < 'harlntti'iiliiirc,  with  I'olMlam  sandslmie  and 
Iteektnantdvvii  dolnmite  in  smaller  (|iiantities.  The  ilepiisit>-  i.f  eastern 
('(irnwall  are  niade  up  of  I'ntsclam  and  ('hazy  ^andsinne.  and.  lu  i,  lesser 
extent,  of  Hlaek  Hivei-  ami  (  ha/.y  limestone,  and  Meekmantown  dolomite; 
wiiile  in  western  Cornwall  and  all  of  t  )siial>iin'k,  Potsdam  sandstone  and 
Hlaek  Hiver  limestone  a'f  the  two  predondiiant  type*.  In  WilliamslmrK 
township  the  most  common  kind  i-  Hl.ick  Hiver  limestone;  with  Potsdam 
sandstone,  Trenton  and  (hazy  limestones  in  aliout  eipnil  proportions. 
The  de|Misits  in  .M.atilda  and  lldwardsKurK  township-  <(>nsist  larjjely  of 
lieekmantown  dolomite,  with  soft  ^nei-ses  .  '  Pot.-dam  sandstone  in 
lower  amolmt^.  In  the  aliov<'  enumeration  nv  township,  the  '•Inter- 
mediate" .111(1  "."^oft"  types  otd>-  wtre  considered;  liiit  in  tin'  westeiii  part 
of  the  di.H,.ict  the  "I)uralp|e"  stone*,  such  as  (inttdtes,  syeidtes,  sound 
gneisses,  jji''''"'"^)  predominate  over  all  other  kinds. 

Laboratory  Tests. 

The  system  adopted  during  l!M7  for  the  sampling  of  field  stone  deposits 
was  entirely  ditTerent  from  the  one  in  use  diirinj:  the  past  years.  The  old 
niethod,  which  consisted  of  sampliiiK  a  fence  within  a  certain  area,  and 
assiiniint!  this  to  represent  the  averajti'  in  composition  of  the  Jirea,  has 
proved  to  he  ..iiolly  unsatisfactory.  The  relative  proportions  of  the 
diiferent  types  of  rocks  vary  nr<'i»'ly,  not  only  from  farm  t<i  f.-irm,  hut  even 
a  particular  fence  ma;-  !•  •  altogether  ditTeK-nt  from  its  neijthhour.  After 
many  experiments  eoi, ducted  hy  I,.  H<'iuecke  and  K,  A.  Clark',  it  was 
found  that  all  the  various  kinds  of  stone  occurrinjt  within  a  certain  area 
could  he  classified  into  three  or  fotir  main  '.ypes,  the  cotnponcnts  of  the 
same  type  having  (i  nearly  equiv;dent  durahility.  Tests  were  run  on  each 
typo  in  the  lahoratory,  and  it  was  discovered  that  if  tests  are  made  on 
mixtures  in  va.ious  proportions  of  the  several  types,  the  results  of  tin  tests 
are  nearly  identical  with  those  ohtaim-d  by  calculation.  If  we  represent  by 

Wi.  \V2 W„  the  percentage  of  wear  of  the  chief  constituents,  and  hy 

Ci,  Cj ("n  the  percentage  proportions  in  which  they  occur  in  the 

mixture,  the  i)ercentage  of  wear  W^  of  the  mixture  is  given  hy  the  form- 
ula:— 


w„  =2:cw 


KK) 


Knowing  the  percentage  of  wear  of  the  main  types,  the  percentage  of 
wear  of  any  ruixttire  of  them  is,  therefore,  easily  found  hy  calculation. 

^Rein«ke,  L., ami  Clark,  K.  A.,  '  The  .-aiiiplmit  of  1  H>p<>!,it!*  of  Koad  Ston«>  antHiravcl  in  the  tield;"  FrooeediacB 
d  the  Aiuerican  Society  (or  Testing  Malerialp,  I'hiMi'lphia,  Pa.,  Vol.  XVIII,  I'art  II,  1918. 
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TAHLK  IV. 
Resuitt  of  Tctiu  upon  Field  Stone. 
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Service  Tests. 


For  iiiaiiy  ycarx,  iiUKht'tl  field  hIoiic  Iuih  Ik-i'ii  fxt«'iisiv«'ly  ii.Hod  for  roud 
Mirt'aiiiiK  in  tliiM  dii^trict.  Prior  to  11)14,  all  coiistniction  and  iiiaintcnanci' 
work  w!'s  done  iv  statute  lalioiir,  liiit  in  that  year  road  work  w■a^^  taki-n  up 
tiy  llir  lowiisliip  touncil.  Tlir  stoiu'  is  laid  in  one  layer,  K  to  12  inchcH  in 
tlii<'kiici"S,  anil  H  feet  wide,  without  any  rollinir.  Tin-  conipactintf  is  left 
to  tiaHif,  with  the  roiilt  that  two  deep  nits  lK)jin  to  form  in  the  wheel 
tracks,  and  when  these  tracks  have  ac(|iiiied  a  certain  decree  of  smoothness, 
water  is  retained  in  »he  ruts,  keepinn  them  in  a  nearly  constant  moist  con- 
dition. j5ad  drainage,  whether  due  to  ruts  or  insuHicient  xrudiiiK,  has 
heen  the  most  active  cause  of  disinletjration  of  road  surfaces,  siii-e  the  few- 
sections  of  road  in  ^ood  condition  were  found  in  places  where  the  draimiKe 
was  exceptionally  ji<'<>d.  either  hecause  of  the  relative  eh'vation  of  the 
proiincl,  or  due  to  the  firmness  and  porosity  of  the  siihsoil.  For  that 
reason,  servii-e  tests  do  not  (jive  much  information  of  value  in  regard  to  the 
duraliility  of  the  stone  in  this  district. 

.\ll  roads  surfaced  in  1!»10  and  litl"were  in  had  .shape,  because  of  the 
stone  not  heinti  sufhciently  compacted.  The  hest  surfaces,  found  in  the 
west  end  of  the  district  examined,  occurred  in  cases  where  ohi  macadam 
or  (iiavei  roads  had  lieen  resurfi-eed  in  I'.ll 4  and  litl.').  In  the  east  end, 
old  lindien  !.tone  or  (jravel  roads  re>urfac(d  in  l',»14.  and  under  the  same 
draina>re  and  traffic  conditions,  wcm-  worn  out  after  three  years  of  service. 
All  the  coniiliy  roads  of  this  district  are  suhjected  to  light  traflic,  rarely 
excecdilin  KIO  vehicles  per  day. 

Availability. 

Houldcr  deposits  are  rare  from  Lancaster  to  the  (iuehec  border,  anil 
the  haulnig  distance  from  the  nearest  (h'])<isits  to  the  front  road  is  generally 
over  one  mile.  Some  other  class  of  materia!  will  have  to  be  u.sed  f>.r  the 
stoning  of  the  river  road.  In  (  harhittenburg  township,  the  amount  of 
stoiK  is  sufficient  to  surface  the  road  all  along  the  shore,  with  a  maximum 
hauling  distance  of  2  miles;  except  in  the  east  end,  where  a  longer  haul  is 
necessary.  There  may  jiossibly  be  enough  field  stone  in  ("ornwall  and 
Osiiabruek  townships,  figuring  cm  a  maximum  hauling  distance  of  2J 
miles.  Farther  wesi,  boulder  deposits  are  of  less  frequent  occurrence. 
The  amount  of  stone  within  two  niiles  of  the  shore  is  undoubtedly  too 
siiuill,  so  that  «oii>c  other  kind  of  materia!  will  have  to  l)e  employed  for 
surfacing  the  front  road.  In  the  foregoing  estimation,  only  the  stone 
under  12  inches  in  size,  is  taken  into  account. 
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<iR.\VKI.  DKPnNITH. 

TIh'  larKi'xt  part  of  th.  uravrl  ^l(•|M>^it>*  liis  lM-fw(fii  (  iitiwall  ami 
AullHvilU'.  TIh'v  (hiiii  Ichj.  fn'<|ii«till.v  i-axr  ami  wi-sl  of  thix  arfa.  .\IoNf 
of  fhf  jirnvflx  vun\  of  Cornwall  an-  foiinil  in  the  form  of  (liin  lilankd!',  on 
top  of  ImhiIiIii-  clay  and  cIohcIv  asMociatnl  with  it  As  far  as  rouM  Im- 
UMTrtaincd  from  the  fi-w  I'xcavationH.  there  in  no  di^tinrt  outline  lietween 
ilie  two  kinds  of  de|)OMitK.  West  of  Cornwall,  in  nearly  every  <'aj<e,  the 
liravelM  lie  in  the  form  of  narrow  ri<lKe>»  alonKsid<>  the  western  edne  of 
larne  l.(.ulde>-  elay  dejMisits.  The  (jra- els  whi.h  are  Kenerallv  Ixmldery 
direetly  luifh-r  the  erest  of  the  ridjte,  heccme  finer  and  markedly  siralitieil 
farther  down.  In  many  eases  the  extent  of  the  uravel  areas  is  nneertiiin, 
as  siirfai'e  indieations  were  the  oidy  KUide  in  determininu  the  limits  of  iIk' 
deposits. 

Chiiracttr. 

All  the  information  th;..  eoi.ld  I htuined  renardinK  the  eharaiter  of 

jiravels  is  rontaiiied  in  Appendix  III,  pane  .U.  The  Kravels  are  generally 
very  eoarse,  and  in  seveml  inslaiiees  the  deposits  earry  mneh  more  sanil 
nnd  hoiihlers  than  Knivel.  .\part  frrun  a  few  except  ions, "the  uravels  contain 
much  Ktone  of  the  same  nature  as  the  underlying  rock.  In  Lancaster  and 
Charlottenhurjt  townships,  the  gravels  carry "mmh  silt  or  fine  sand,  and  a 
uninll  proportion  of  |H>hl)les.  West  of  (  ornwall.  most  of  the  uravel  deposits 
are  Itouldery,  hut  carry  a  sufficient  proimrtion  of  stone  of  pel, Me  size  to 
differentiate  them  clearly  from  the  houlder  chiy.  In  depth,  the  proiwrtion 
of  sand  increases  Kradually  as  far  as  the  undeilvinn  boulder  day. 
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Service  Tests. 

Ciavcl  has  liccii  iii-od  for  over  thirty  years  in  the  surfaciiiK  of  roads 
in  the  area  cxaniincd.  Xo  extensive  ^ravcllintj  has  been  done  in  the  past 
few  years.  ^lost  of  the  worii  eoiisisted  of  surfacinn  short  len>;ths  of  road 
each  year,  in  plaees  where  it  was  liadiy  needed.  Tlie  same  methods  aer 
used  as  in  the  ease  of  field  stone;  and,  Itesides,  fresh  and  weathered  uravels 
are  used  indiscriminately,  so  that  litth'  information  can  he  oi)taiiied  from 
service  tests  in  .•■ejiard  to  the  ((iiality  of  gravels  as  road  material.  The 
following  is  a  lirief  ennmeration  of  the  gravels  which  have  heeii  u.sed  for 
road  siirfaeinff  diirin):  the  past  few  years. 

LancdxUr  loWKxhip — Much  (iravel  from  deposit  o  was  used  lonji  a^o 
.  for  road  work.  Tliis  deposit  is  nearly  exhansted,  and  jiravel  is  now  taken 
from  deposit  7.  An  old  macadam  or  firave!  road — resurfaced  in  I'.tl.") 
with  uravel  from  the  latter  de|)osit,  and  subjected  to  a  traffic  of  a  little 
oyer  10((  vehicles  jier  day — sliowcd  sijins  of  wearinjj  out  after  two  years 
ot  service.  Other  old  macadam  roads  resurfaced  prior  to  191.")  with  nVavel 
from  pits  o  and  7,  were  in  very  had  condition  in  the  summer  of  1917. 

CliiirlolUhhiinj  townsln'i). — (Iravel  from  deposit  :'4,  used  on  a  small 
piece  of  road  stihjected  to  lijiht  tratfic,  was  compjcti  Iv  worn  out  or  sunk 
into  the  (r  ,ind  after  three  years.  The  suhsoil  at  that  place  is  rather 
uiistahle,  and  a  larger  amount  of  fiiavel  slioidd  have  heen  used,  in  order 
to  ohtaiii  a  liard  Hnd  firm  surface. 

ConiirnU  toiniship. — (Iravel  fri  in  \)h>  M,  M),  tl,  VA  and  49,  has  heen 
extensively  used  in  past  years.  .More  recently,  much  K'avel  has  heen 
taken  out  of  pits  37,  4."),  4(1  and  .'>(),  and  hud  on  roads  suitjected  to  lifiht 
trafTic,  with  satisfactory  results,  in  pla((-  where  the  suhsoil  was  firm  and 
well  drained. 

O.-^iKihrncI:  tainiship. — lioads  surfaced  in  1913  and  1914  with  firavcl 
from  i)it  .')7  and  with  crushe<l  houlders  from  pits  52  and  .")(i  were  in  rather 
poor  condition  in  1917.  A  road  surf,...(l  in  191(1  with  crushed  hoidders 
from  i)it  (13  showed  sipns  of  weariiifr  out  in  1917,  hut  was  in  hetter  condition 
than  a  part  of  the  same  road  surfaced  in  191()  with  crushed  field  stone. 
Cravel  from  pits  (),j  and  (J(i  was  said  to  have  heen  used  in  1914  on  a  short 
leiifjth  of  the  road  from  Aultsville  to  (lallintiertown.  It  was  in  ;i 'cr  shape 
after  three  years  service.  Another  part  of  the  same  road  surfa-  ■  in  191.") 
with  crushed  field  stone  was  in  a  much  hetter  condition.  All  ihe  roads 
referred  to  in  this  township  are  suhniitted  to  a  lifjht  traflic. 

W'illldmshurg  /oic/is/u'/). — Some  of  the  main  roads  of  this  township 
were  gravelled  many  years  apo,  and  maintauied  with  crushed  field  stone. 
Much  material  from  pits  72,  73,  and  80  has  heen  used.  In  1912  firavel 
from  pit  79  was  laid  on  the  road  nearhy,  which  carries  a  veiy  lit;ht  tralKc. 
It  was  in  fair  condition  in  the  fall  of  1917. 

Mdtildd  tnwiislilp. — Part  of  an  old  (ji'avel  road  north  of  Iro(|Uois  was 
resurfaced  a  few  years  ago  with  ftravel  from  pit  8.S.  In  well-drained  places 
it  is  in  fairly  good  condition,  hut  very  poor  elsewhere. 
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Commercial  Development. 

All  the  iiifoiniatioii  that  could  he  ohtaiiu-d  ronanliiiR  the  coin- 
ineicial  (levelopineiit  of  tjiavels  is  roiitained  in  A|)peiidix  IV,  page  50. 
No  attempt  has  been  made  to  estimate  the  ((Uantity  present  in  each  deposit, 
because  of  the  lack  of  reliable  data. 

The  prices  for  gravel  raiige  from  It)  to  50  cents,  generally  25  cents 
per  double  loud. 

Lancaxttr  ^>!(7^s7(//)— Because  of  the  great  scarcity  of  field  stone  in 
this  township,  gravel  will  have  to  be  used  for  surfacing  the  front  road. 
Crushed  gravel  from  deposit  7,  which  is  the  most  inijiortant  in  this  part 
of  the  district,  could  be  advantageously  used  in  the  west  half  of  the  town- 
ship. There  is  no  good  gravel  available  in  'he  eastern  half,  but  the  large 
deposit  of  Riviere  Baudet,  which  lies  one  mile  outside  of  th(>  Quebec  border, 
could  supply  all  the  material  necessary  for  this  part  of  the  township. 
The  Riviere  Baudet  dejjosit  is  described  in  detail  in  the  report  "Road 
Materials  in  Soulanges  and  Vaudreuil  Counties,  Quebec,"  by  L.  Reinecke 
and  R.  H.  Picher. 

Chnrlottenhurg  townxhii) — The  so-called  gravel  deposits  of  this  town- 
ship are  closely  related  to  boulder  clay  and  san<l,  and  are  generally  of  poor 
quality.  In  the  case  of  deposit  18,  the  per  cent  of  "soft",  which  is  marked 
as  S5,"and  consists  mainly  of  Chazy  sandstone,  is  undoubtedly  too  high, 
as  much  of  the  Chazy  .sandstone  should  be  more  logically  classified  as 
"Intermediate",  according  to  the  results  of  laboratory  tests  made  on  that 
stone.  Gravel  from  deposit  18  will  have  to  be  used  in  comiexion  with 
the  stoning  of  the  front  road,  as  there  is  no  other  material  available  in 
the  eastern  part  of  this  township.  It  is  very  bouldery,  but  once  crushed 
sliould  be  a  nuiterial  of  fair  ilurability. 

(  ornwall  township. — All  the  mine  important  gravel  deposits  are  located 
inlthe  west  half  of  the  townshii).  Most  of  them  are  very  bouldery,  and 
would  have  to  be  crushed.  Deposits  31,  32,  33,  37,  40,  41,  43,  4."),  4t»  and 
50,  are  partictdarly  suitable  for  road  making,  l)Ut,  except  in  the  case  of 
37.  they  all  lie  away  from  the  front  road,  their  hauling  distance  to  that 
road  varying  from  2  to  0  miles.    ■ 

-\o  large  deposits  are  found  near  the  shore. 


Ostmbruck  townxhip.- 
„-  areas 

lie  at  hauliVig  distances  varying  from  2|    to   5  miles  from  the  front  road. 
Thev  are  all  very  bouldery. 


The  best    grave!    areas    of   this    township,    Nos.  .")2,  5(5,  57,  o'J,  and    t)3. 


]\Hlliamshvrg  loivnship.—yhtsi  of  the  deposits  are  of  small  extent, 
and  .several  of  them  are  nearly  exhausted.  Deposits  79  and  80,  although 
inferior  in  quality  to  the  Osiiabruck  and  Cornwall  townships  deposits, 
are  the  best  found  in  this  locality.  Both  are  bouhUry.  Because  of  the 
very  small  amount  of  stone  available  near  the  shore,  especially  so  around 
Morri?burg,  gravel  from  deposits  79  and  SO  will  probably  have  to  be  used, 
notwithstanding  the  long  haul  of  5J  miles  to  the  front  road. 
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Matilda  township. — There  arc  no  roocI  gravels  in  tliis  townsliip.  No. 
80  in  the  east  end,  and  90  in  the  west  end  are  of-soniewliat  lietter  (juahty 
than  the  rest.  Both  are  t)onldery.  In  order  to  provi<le  a  suffieient  amount 
of  stone  for  the  front  road  in  tiie  east  half  of  the  township,  it  will  he  neees- 
sary  to  develop  deposit  85,  l)eeause  of  the  searcity  of  other  kinds  of  material. 
In  the  we.st  part,  the  neeessary  amount  of  stone  ean  he  taken  out  of  tin- 
several  hedroek  exposures. 

Edwartlsburg  township. — Only  one  lar(je  uravel  dei)osit  has  heen  loeated 
in  the  small  part  of  the  township  surveyed.     It  is  of  poor  quality. 


APPENDIX   I. 


Rock  Outcrops. 

(1)  /]•  niihs  muthvasl  of  Siimmcrsloirn  Station,  (hazy  limestone 
formation.  Limestone  is  light  grey,  slightly  handed,  medium  to  coarse- 
grained, thick-bedded,  hut  splitting  up  easily  in  thin  layers.  Beds  have  a 
gentle  dip  northwest.  The  stone  taken  out  of  an  old"  ([Uarry,  2.">0  euhic 
yards  in  .size,  was  used  by  the  C.rand  Trunk  Company,  over  50  years  ago, 
for  bridges  and  cuh-erts.  There  are  no  outcrops,  ami  the  overburden 
varies  from  a  fe\.-  inches  to  2  feet  in  thickness.  A  few  thousand  cubic 
yards  could  be  taken  out  in  dry  .-eason,  assuming  an  average  depth  of  1 
yard.     Owner:  D.  Cattanach,  Sunmierstown  Station,  R.ll.  1. 

(2)  3  miles  ivest  of  Sunimcrstown  Station.'  Doubtful  outcrop  of  Black 
River  limestone.  The  stone  is  dark,  bluish-grey,  fine-grained,  with  streaks 
of  very  dense  stone,  fossiliferous,  breaking  irregularly. 

Flat  blocks  are  seen  on  the  surface  of  a  small  hill,  in  several  parallel 
zones  or  ridges  running  approximately  E.  7°  N. 

(3)  tJ  wiles  ert.s<  of  Cornwall.  Doubtful  outcroi)  of  ('hazy  limestone. 
The  stone  is  light  grey,  medium-grained,  fossiliferous.  thick-bedded,  with 
shaly  partings,  splitting  e;i.sily  in  thin  layers.  Several  large  blocks  of 
limestone  are  .seen  (jn  a  hill,  nearly  all  dijjping  in  the  same  direction,  i.e., 
5  ilegrees  north.     Stone  used  for  building  cellars. 

(4)  3  tniles  north  of  Cornwall.  Black  River  formation.  Dark, 
blackish-grey,  very  dense  limestone,  thick-bedded,  with  many  shaly 
bands,  splits  up  readily  in  thin  layers.  Beds  apparently  horizontal!  Rock 
is  seen  at  the  bottom  of  a  creek,  and  is  overlain  by  10  to  15  feet  of  boulder 
clay  and  sand.     (Quarrying  here  is  out  of  the  <iucstion. 

(5)  3  miles  7wrth  of  Cormrall.  Black  River  formation.  Dark, 
blackish-grey,  very  dense,  thick-bedded  limestone.  Beds  lie  apparently 
horizontal.  One  set  of  joints  trends  N.  18°  E.,  glacial  striae,  \.  17'  W. 
to  N.  2r  W.  Rock  seen  at  the  bottom  of  a  creek,  12  to  18  inches  above 
low  water-level,  and  overlain  by  4  to  9  feet  of  boulder  cla\ ,  with  loam  on 
top.     Very  little  stone  available. 
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((i)  4  mills  iioiih  of  Connriill.  Hlack  Hivcr  formation.  In  a  larRi' 
quarry,  o^t.OOO  ciiliic  ynuU  in  si/.c,  tilt  inches  cxposj'd  of  dark,  Mai  kish- 
fjrt'V,  very  dvnsv  limestone,  massive,  iar^e  nniiiher  of  small  calcite  streaks; 
many  shaly  jiartinps.  The  beds  have  a  very  n<'i'tl»'.<''I'  <<'  <*"'  "'""tli. 
Irregular  j<)ints.     (ilacial  striae  X.  lo°  W.     A  few  fossils. 

Stone  used  I,')  to  '20  years  a^o  for  buildin({  the  Cornwidl  eanal  l.anks 
and  loek.s.  There  are  only  a  few  outerojis  along  south  edge.  The  thii^kiies.' 
of  overburden  around  thecjuarry  varies  from  a  few  inches  to  10  feet.  There 
are  prohnhlv  over  :J0,000  cubic  yards  available,  figuring  on  an  averagi 
deptli  of  2  yards.  If  <iuarrie.l  deeper,  tliere  would  not  be  any  nietins  o 
draininn  excejjt  by  immiunn.  Over  l.(K)0  cubic  yards  of  large  I'lo.ks 
piled  in  (piarry.  Hauling  distance  of  ")  miles  to  the  front  road.  Owner: 
James  ^IcLeod,  Cornwall,  H.H.  2. 

(7)  4  mills  iiorlh  of  Connriill.  Hlack  Hiver  formation.  In  a  large 
opening  over  .')0,0()0  <  ubic  yards  in  size  there  are  Hh  feet  e.Nposed  of  lime- 
stone, same  as  in  No.  ti,  and  dipping  very  gently  to  the  north,  strike  K. 
22°  N.,  irregular  joints.  (Ilacial  striae  N.  19°  W.  In  one  phice  two  >'  -> 
of  striae  observed:  N.  17°  W.  and  X.  .")4°  W.  rc'^pectively  Stone  used  b")  to 
20  years  ago  in  the  biiihling  of  the  ("ornwall  canal  banks  and  locks.  Out- 
crops are  i)lentiful  in  the  south  half.  « >vert>unlen,  :i  to  24  inches  of  clayey 
h)am,  i)ossiblv  thicker  along  north  edge.  On  an  average  depth  of  2  yards, 
over  "tO.OOO  cubic  yards  could  probalily  be  quarried.  Deeper  (piarrying 
wouhl  necessitate  pumping  for  draining  the  excavation,  as  underground 
water-level  is  actually  7  feet  below  the  top  of  the  rock.  Hauling  distance 
of  4\  mih's  to  the  front  road.     Owner:  V.  J.  Friend,  Cornwall,  1{.  H.  2. 

(7a)  4  mih's  north  of  Connriill.  Hlack  Hiver  formation.  A  sniall 
opening,  ii'J^  cubic  yards  in  size,  shows  a  ."i-foot  section  of  dark,  blackish- 
grey,  very  fine-grained  limestone,  dense,  esi)ecially  at  tlie  foot  of  the  section, 
massive,'  althougli  in  the  upper  part  it  splits  easily  in  thin  hiyers,  along 
shalv  partings.  Heds  have  a  slight  dip  north.  ,Ioints  irregular,  (ilacial 
striae  N.  17°  \V.  Stone  was  used,  1;')  to  20  years  ago.  in  the  buihling  of  the 
Cornwall  canal  banks  and  locks.  Very  few  outcrops  seen.  Overlairden 
at  the  (piarry,  from  1  to  :{  feet  of  clayey  loam  with  limestone  boujders. 
At  the  hous(',  southeast  of  (piarry,  according  to  owner,  the  rock  is  7  feet 
below  the  surface.  A  few  hundred  cubic  yards  could  still  be  cpiarried. 
Owner:  A.  K.  ().  Clark,  Cornwall.  H.  K.  2. 

(8)  3f  miles  north  of  Connriill  Hlack  Hiver  formation.  In  the 
bottom  of  a  shallow  creek,  a  few  inches  exposed  of  very  light  bluish  to 
greenish-grev,  medium-grained  limestone  ;  the  stone  sejKirates  readily 
in  thin  layers  ahmg  shaly  i)artings.  Weathers  <lark  buff  in  colour  and 
shows  some  silt.  Heds  apparently  horizontal.  Directions  of  joints: 
N.  4!t°  K.  and  E.  2°  X.  Xo  outcrops.  Overburden,  from  18  to  24  inches. 
At  house  near  cheese  factory  the  rock  lies  9  feet  below  the  surface.  Had 
drainage  renders  quarrying  impracticable. 

(9)  2  miles  north  of  Mille  Roches.  Hlack  Hiver  formation.  In  tht 
lower  bank  of  a  creek  there  is  one  bed,  l.S-inch  thick,  exposed,  of  blackish- 
grey,  very  dense  limestone;  large  number  of  fossils.  Hed.s  apparently 
horizontal".  The  rock  is  13  inches  above  low-water  level,  with  a  minimum 
thickness  of  4  feet  of  overburden  on  top  of  the  rock.  There  are  no  out- 
crops, and  quarrying  wouhl  be  very  difficult. 
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(10)  /  mite  ninth  vf  Milk  liorhis.  Black  Hivcr  foiniation.  In  a 
(juarry  of  5,  'M)  culiic  yards  tluTc  arc  fii  feet  cxik)sc(1  of  very  dark,  lilackisli- 
({rcy,  very  dense  limestone,  massive.  Many  slialy  partings  cause  the  stone 
to  hreak  irrenularly;  some  fossils.  Beds"  have  a  very  jjcntle  dip  south. 
Joints  irregular.  (Ihicial  striae  N.  \.i°  W .  Stone  used"  1.")  to  20  years  a^o 
in  the  liuihlinn  of  locks  and  part  of  iiank  of  the  larreu's  Point,  -Morrishurn 
and  Cardinal  canals.  Owners  nceived  10  cents  per  yard  un(|Uarried.  (Mit- 
eroj)s  are  plentiftil  within  the  east  half  of  the  luapjied  area.  ( »verl)ur(len, 
I  to  ^^  feet  of  houhlery  loam,  prohahly  over  A  feet  to  the  west.  There  would 
l)rohal)ly  lie  ahout  ;iO.(MIO  culiic  yards  of  rock  availahle,  (|Uarryinft  at  an 
averafte  depth  of  \\  yards,  and  with  not  over  2  fc-t  of  overliurden.  If 
(piarried  deeper.  i)r()vision  would  have  to  he  made  for  drainage.  Hauling 
distance:  I J  miles  to  the  front  road,  canal,  and  railwav  r-idini;.  Owner: 
Philip  T.  Kmpey,  [Mille  Roches,  H.  i{.  1. 

(11)  /'  mills  iiiuili  of  M nil  li'iiclii.-i.  Hlack  Kiver  formation.  Larue 
opcninif,  full  of  water,  the  top  of  the  rock  hein^  a  few  inches  helow  wattr- 
le\el.  Hlackis!i-firey,  very  dense  limestone,  massive.  \Ud^  nearly  Hat. 
The  openinn  has  an  area  of  12,000  scpiare  yards.  Stone  used  for  huildinn 
canal  hanks.  Xo  outcrops.  Ovcrhunlen,  over  ;}  feet  of  loamy  clay.  No 
more  stone  availahle.     Owner:  .lames  Hciulerson,  Mille  lioclus,  P.O. 

(12)  /  !  mills  luirlh  iif  MiUv  Hochis.  Black  Uiver  formation.  Larue 
openiiij;  ne.irly  full  of  water.  The  rock  is  under  water-level,  excejit  in  the 
south  end.  where  at  one  i)lace  a  (l-foot  exjiosure  is  seen.  Dark,  lilackisli- 
jirey,  very  dense,  massive  limestone,  with  many  shaly  partiiijjs,  causing 
the  stone  to  break  irrenidarly.  Beds  have  a  fientie  dij)  to  the  north.  T!ie 
openiufj  has  an  area  of  I(),000  scpiare  yards.  Stone  used  for  huildinn 
canal  hanks.  No  outcroi)s.  Overlmrden,  a  few  inches  of  loam  and  hlack 
muck  in  the  south  end,  S  feet  of  hianiy  chiy  in  the  north  end.  (iuarrvinjr 
would  he  very  (  xjx'iisive.  Over  10,000  culiic;  yards  of  waste  stone  liave 
lieen  dumped  in  iiifi  piles  nroiuid  the  ((uarry.  the  larfiest  part  is  under  1 
font  in  size.     Owner:  V .  K.  Thompson,  Moulinette,  P,0, 

(i:|)  i !,  mills  niiilh  of  MilU- Hiichc.i.  Black  River  formation.  In  the 
-outh  en<l  of  a  laijje  excavation,  TiOOtt  sipiare  yards  in  extent,  and  nearly 
full  of  water,  there  is  a  :5-foot  section  aliove  water-h'vel  of  limestoiie  of 
same  character  as  No.  12.  Beds  nearly  horizontal.  Stone  Used  for 
huiKhuR  canal  hanks.  Overliurden,  over  .">  feet  of  loamy  clay,  (iuarryint? 
w<iuld  lie  very  exiieasive.  Over  1  000  culiic  yards  of  waste  stone  (limipeil 
in  2  piles  west  of  (piarry,  largely  under  1  foot  in  size.  Haulinji;  dist.iii.'e 
of  2  miles  from  the  front  roacl,  cantd  and  railwav  siding.  Owner:  William 
Manson,  .Mille  Roches,  P.( ). 

(14)  1{  mills  north  of  Mill,:  liochcs.  Black  Riv(>r  formation.  Old 
quarry,  nearly  full  of  Ut.  Rock  above  water-level  in  the  southwest 
end  only.  Dark,  blackish-grey,  very  dense  limestone,  massive,  with  ;i  few 
shaly  partins's.^  Beds  lie  nearly  horizontal.  Stone  used  for  liuildinj;; 
canal  banks.  The  quarry  occupies  an  area  of  ,").2r)0  scpi.-ire  yarils.  Over- 
burden, a  little  over  2  feet  in  the  southwest  end  of  (piarry,  iu\d  gdcs  over 
4  feet  everywhere  else.  Quarryinj?  would  be  exp(^iisive.  Hauling 
distance  of  2\  miles  to  the  front  road  eana!  and  raiiuav  sidini;.  Owner- 
Ci.  Brooks,  .Mille  Roches,  P.O. 
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do)  /,'  milex  nnrthwesl  of  Milk  Hochin.  IMack  Hiv«T  fornuitiitii. 
I-arRc  quarry  m-urly  full  of  water.  All  rock  is  under  water-level,  e-  ept  in 
the  east  eiul,  where  it  is  tW  inches  ahove  water-level.  Da.k,  l)lu>^'kish- 
urey,  very  dense,  massive  limestone;  small  streaks  of  cai  't  (rystals; 
fossils.  Stone  splits  irregularly  in  thin  layers  along  slu../  partings. 
Heds  have  a  very  gentle  (lij)  north  or  northwest.  (Jlacial  striae:  N.  VA" 
\V.  ami  N.  !•"  E.  The  opening  covers  an  area  of  al>out  24,<MM)  .square 
yards.  Stone  used  in  the  building  of  the  locks  and  i)arts  of  the  banks  of  the 
(ornwull,  Farran's  Point,  Morrisburg  and  Cardinal  canals  1.")  to  20  years 
ago.  No  outcrops.  Overburden.  3  feet  of  clayey  and  silty  loam  in  the 
east  end  of  the  (piarry,  and  over  0  feet  everywhere  else.  (Quarrying  woulil 
be  very  exjM-nsive.  Over  1(),()()()  cubic  yards  of  waste  stone  dumped  in  3 
piles  south  of  the  quarry.  Hauling  distance  of  a  little  over  2  miles  to 
the  front  road,  canal,  and  railway  siding.  Owner:  Miss  Copeland,  Corn- 
wall, P.O. 

(10)  /j  w//cs  nnrthwexl  i)f  Iroquois.  Hcekmantown  formaticm.  Light 
steel  grev,  fine-grained,  thiu-bedded  dolomite,  weathering  to  light  liulf 
colour.  Beds  appear  to  lie  flat.  Stone  Used  for  making  lime  many  years 
ago.  Outcrops  plentiful  and  overburden,  apparently  not  over  2  feet, 
consists  of  dark  brown  loam.  The  rock  lies  in  a  low  place.  Over  .'),0(M» 
cubic  vards  available  without  much  stripping.  Hauling  distance,  I] 
miles  to  the  front  roail  and  canal.     Owner:  K.  A.  Carman,  Iroquois,  P.O. 

(17)  /  mile  ireM  of  Iroquoix.  Beekmantown  formation.  In  an 
opening,  3,170  cubic  yards  in  size,  there  are  3^  feet  exposed  of  rather  dark 
earth-grev,  fme-graine<l,  thick-bedded  dolomite,  with  a  few  shaly  partings; 
splits  in  thin  layers.  Slight  amount  of  silt  in  the  weathering.  Beds  have  m 
very  gentle  dij)  west.  Strike  N.  0°  E.  One  direction  of  joints  trends 
N.  '2\)°  E. 

Stone  used  as  back  filling  for  the  canal  locks  at  Iroquois,  l.j  to  20 
vears  ago.  The  stone  has  not  been  used  on  roads,  but  the  canal  road 
i'rom  the  cpiarrv  east  to  Iroquois  is  said  to  be  surfaced  with  stone  blasted 
ovit  of  the  canal,  15  to  20  years  ago,  and  has  never  been  repaired  since. 
In  the  fall  of  11U7,  the  road  was  in  very  i)ad  condition,  full  of  ruts,  and 
many  large  stones  exposed.  No  more  stone  can  possibly  be  quarried 
because  of  the  limited  area,  and  of  the  difficulty  of  draining.  The  rock 
lies  within  2.")0  vards  of  the  front  road  and  canal.  Stone  sells  at  .')0  cents 
a  coril,  uiKiuarried.     Owner:  William  Fisher.  Iroquois,  P.O. 

(18)  /  wile  ires'  of  Iroquoix.  Beekmant(jwn  formation.  In  small 
quarry,  320  cubic  vards  in  size,  there  are  2  feet  exposed  of  dark  grey, 
fine-grained,  thin-bedded  dolomite.  Slight  amount  of  silt  in  weathering, 
lieds  have  a  verv  gentle  dip  to  the  w*pst  or  southwest.  Stone  said  to  have 
been  used  as  back  filling  for  the  canal  locks  at  Iroquois,  1.')  to  20  years  ago. 

Very  few  outcrops  seen  north  of  the  quarry.  Overburden,  a  few  inches 
to  2i  feet  of  clavev  loam.  Over  2,000  cubic  yards  could  probably  be 
obtai'ned.  The  rock  is  right  along  the  front  road  and  canal.  Owner 
A.  H.  Hutchison,  Inxjuois,  II.  R.  2. 

(10)  3  7nilf»  nnrtberjxl  of  Cardinal.  Beekmantown  formation,  Tiight 
clay-grey,  finely  grair.ed,  rather  brittle,  thick-bedded  dolomite,  .slightly 
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weathered  with  «ilt  in  tlie  weatherinn.  Heds  have  a  verv  jjeiitle  dip  t.>  tlie 
woiithwest.  Irregular  joints.  Slum-  used  for  biiiidiiiu  the  Meth.xlist 
Chinch  in  Inxiiiois,  and  the  owner's  house,  :i'i  years  uko.  The  overhunien 
consists  of  from  '_'  to  4J  feet  of  lioulder  silt  and  <  lav.  Furtlier  (|Uarrvini{ 
wouhl  lie  expensive,  because  of  the  ureat  thickness  of  drift.  The  hatiiinn 
distance  is  half  a  mile  to  the  front  road  and  canal.  Owner:  J.  T.  I.iezert, 
Irociuois,  1{.   |{.  2. 

(20)  S  inile.1  iiorlhenst  of  Carilinal.  Heekinantown  formation.  ,\l)out 
1  foot  exposed  of  (hirk  liro\vnish-(jrey,  medium  to  line-drained,  handed 
dolomite,  partly  weathered  with  silt  i'l  tlie  weathering.  Meds  lie  horizon- 
tally.     For  future  devi'lopment   see  \o.  21. 

(21)  S  milfs  iii>rlhfiisl  „f  Cardiiidl.  Deekmantown  formntion.  .\ 
2-foot  bed  expo.sed  (»f  rather  dark  (jrc.v,  finely  grained,  dolonnie,  with 
several  shaly  partings.  Splits  readily  In  thin  "slabs,  I  to  4  inches  thick. 
Hells  have  a  very  nentle  dip  west.  Irrenular  joints.  ( )utcr<>ps  are  plentiful, 
with  overbii  l.ii  of  from  2  to  12  inches  of  bouhliTy  sand  in  west  part  and 
clayey  loam  in  east  end.  The  stone  is  easy  to  (piarry,  t)Ut  could  not  be 
exi-ayated  farther  down  than  2  yards,  on  account  of  the  (litficult-  )f  draining. 
HatiliuK  distance  of  ]  mile  to  the  front  road  and  canal.  Stone  sells  at  •">() 
cents  per  cord  (128  cu.  ft.)  uncpiarrit'd.  Owner:  J.  T.  Liezert,  Inxi'-ois, 
U.  R.  2.  •         1       . 

(22)  3  wi7e,<!  north  of  Cnnlinal.  Beekmantown  formation.  Thin- 
bedded,  rather  linht  grey,  fine,  even-grained  dolomite,  weatherinjj  to  a 
dark  grey  and  buff  colour,  with  silt  in  the  weatherinn.  Heds  have  a  very 
slight  dip  northwest;  striae  N.  24°  l).  One  direction  of  joints  trends  K. 
1'  S.  Two  series  of  glacial  striae:  N.  18°  E.  and  N.  12°  W.  respectivelv. 
Stone  used  for  building  houses  in  the  vicinity  40  to  »tO  years  ago.  ( (utcropi 
are  numerous,  with  a  few  inches  of  boulder  clay  as  oVerbunh-n,  excepting 
a  small  .sand  ridge  .">  feet  in  height,  which  partly  covers  the  northern  part 
of  the  area.  Several  thousand  cubic  yards  of  stiine  can  be  easilv  olitaiiied. 
Hauling  distance  of  2.J  miles  to  the  front  road  and  canal.  Owni'r:  William 
Warren,  Irotpiois,  K.  11.  2. 

(2:i)  3  milif-  north  of  Ciinlinnl.  Heekmantown  formation.  In  shallow 
quarry,  a  2-foot  section  of  thin-bedded,  fine-grained,  rather  dark  grey 
dolomite,  with  a  few  shaly  partings:  splits  up  readily  in  thin  slabs.  Tli'e 
dolomite  weathers  to  a  dark  grey,  with  spots  of  buff  colour,  small  amount 
of  .silt  in  the  weathering.  In  the  ea.st  end  of  the  deposit,  in  a  small  (piarrv 
about  iiO  cubic  yards  in  size,  there  is  a  2.\  -  foot  section  of  very  light,  re.ldisii- 
grey,  finely  grained,  thin-be(lded,  dolomite,  with  a  few  calcite  crystals  and 
nodules  of  quartz.  Very  gentle  dip  northwest,  increasing  to  nearlv  o 
degrees  farther  d(.wn  the  slope.     Striae  N.  44°  K.     One  direction  of  joints 

runs  X.  24°  E.     Stone  used  for  buihling  cellars.     It  sells  at  .S^.oO  per -.1 

(128  cu.  ft.)  quarried,  or  oO  cents  un(|uarried.  Outcrops  are  seen  along 
the  west  and  ea.st  edges,  but  none  in  the  centre  of  the  area.  The  over- 
burden on  both  edges  consists  of  from  4  to  12  inches  of  loam.  It.s  thickness 
at  the  centre  is  unknown.  The  stone  is  easy  to  quarry,  a. id  over  10,000 
cubic  yards  could  be  obtained  along  the  east  and  west  edgt-;..  Hauling 
di.>5tance  of  3  miles,  of  which  half  a  mile  is  through  fields,  to  the  front  road 
and  canal.     Owner:  John  Uueley,  Iroquois,  II.  \l.  2. 


(24)  3  milm  ntirlli  of  Ciiriliniil.  Ht-ckmtiiitown  foritiiition.  Ahmit 
'2  feet  exposed  of  Miiine  dark  tjrey  dolomite  um  (teetl  ill  No.  2S.  OiiteropN  on 
to|)  and  iioitliwe!*t  slo|(e  of  a  low  hill.  Very  (t<'"tl<'  dip  to  the  northwe!-!, 
iiiereaxiiiK  to  '»  deurees  farther  down  the  slope.  Striae  N.  'M°  ]•'..  ttne 
direction  of  joints  runs  N.  I(t°  K.  Stone  sells  at  !*.'!. .'>()  per  eord  <|iiiirried, 
or  .")<•  eents  per  eoril  uii(|iiarried.     <  iwiier:  William  Shaver,  lro(|iiois,  |{.  1{,  2 

lor  future  development  .see  No.  23. 

(2."))  /!  units  wiMt  , if  ('(inliiiiil.  Meekmantown  formati(jii.  In  a  iartce 
<Hiarry,  over  7((.(MKI  cuhii'  yards  in  size,  2.'{-foot  section  exposed  al)ove 
croiind  water-level.  In  the  lt»  feet  iinilK'diately  aliovi-  Wati'r-level.  the 
sti'iii'  is  dark  lirownisli-trrey,  inedium  to  tine-^raimd.  tliin-Kedded  dolomite. 
On  the  tup  M  7-foot  section  of  intensely  '.vcjithered  dolomite  is  seen  only 
at  one  place  in  the  (piarry.  Meils  have  a  very  sliijht  tip  to  the  northwest. 
Striae  N.  M°  I'.  Irreiiular  joints.  Stone  ns'd  many  years  ajjo  for  liiiildiiin 
houses.  ;tnd  later  in  the  Ituiidiii);  of  the  ( 'ardinal  canal.  ( tverlxiideii.  from 
I  to  \  feet  of  loamy  silt  and  sainl.  <  hitcrops  around  a  llat-toppid  hill 
in  the  lower  part  of  the  slop.'.  The  thi<'kness  of  drift  on  top  of  thi:  hill 
■s  ii.it  known.  Several  thousaiel  ciihic  yanls  can  le  olitained  in  the  old 
excavation  and  fr.iin  the  helt  of  otitc;-ops  around  thi'  hill.  The  deposit  is 
close  to  the  front  roail  and  canal.  Caretaker;  I".  I",  .\daiiis,  Cardinal,  I'.O. 
(See  Plat"  Vl). 
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APPKNDIX   II. 

Character  of  Boulder  Deposits  or  Field  Stone. 

Eiitlnmtiitn  uj  Titbli-.  (ilaciiil  iMcihlcrs,  strewn  (»vtr  tlic  luml  which 
hu!*  heon  clcnn'd,  have,  for  thf  most  part,  ln'i-ii  |)ih'(l  in  IViic*':*  or  hi'a|w. 
The  coniiMwition  of  thi'  houhU-r  anKn-nati-^  lias  liccii  (•■<tinuitf(l,  iintl  the 
amount  of  ^<tolll•  pri-sint  nn-asurcd,  fcncf  hy  fcnci',  and  pih-  \>y  pih-.  The 
amount  under  and  ovtr  1  foot  has  also  licon  csliinatcd  ft-nri'  l>y  ffi'cc. 
(iroups  of  fcncos  and  piles  were  comhined  into  areIl^,  and  the  total  yanluKt^ 
and  the  avurajte  n)miM)8ition  for  the  areas  eompiled  and  ealei/'utt'd  from 
the  H'sults  olitained  on  each  fence,  iutch  area  is  iiumi)i'red  <>■  the  map, 
and  the  information  rcKanlin):  it  will  li<>  found  ai'coinpanyinK  this  ntiml>er 
in  the  tal.Ie.  Durable  tioulders  in  this  classification  r<i)resent  igneous 
rocks,  hard  gneisses  and  (piartzites;  intermediate  represent  liniotones, 
dolomites,  di'iise  and  hard  sandstones,  softer  nneisse.>»  and  partly 
weathered  dunihle  locks;  soft  tioulders  represent  sandstones,  shales  anil 
much  weatheied  rocks. 

Abbmiittiiins  nsfil  in  coltiiii'i  fur  triii'irkx. 
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AFPKXDIX  III. 

Character  of  Deposits  of  Gravel. 

s..r  a...  .n.lu.ations  wh<.rc-  th.T..  w.-n-  no  ex.-avations      S  nV^p^ris  of    h  • 
«aJs  in  nearly  all    h,.  p,ts  an-  talus-<„v.T...I.  an.l  tho  pits  are  umiailv  small 

of  .i.  !'X;  ;;;::.S'S.,  i^ar,r.:rss;z^ts'j[::;;: 

van-     :;.&  a-  11  n.'l''^ "'  '^""■'-     ''''"'  '••"»l''-ti.."H  oK/p'S  JZ 

ouS  I,;  low  th',    r         h  '"Vr  •"."•'"""'^<"  ((""CO,),  ..rKanir  matter,  etc, 
.1   ,  f  tK  •  ■  '"""'  ."^  «;•'»< •"■'•"IK :  ••xc..pt  in  eases  where  praet  eallv 

all  of  the  Krave.  .s  w,>ath,-re.l.     The  pebbles  hav  been  elassified  areordiS 
to  composition  into  three  classes,  durable,  int.^mediate  ™soft      Th. 

averSt',,m'2'2V'Vlj'"  ^••""^^■'"^/"••l''  «re  those  ma.le  up  of  roeks 
«/,rT T  I    ?\    :  J     '^'^  '^•'''  '■'""*  "^  "■•""••  ""<•  12  to  2.1  in  touithness- 

The  m.>ehanieal  analysis  eoveis  only  the  material  under  3  inches  in 


"^'^^^  ^I'i'  ^;!'"s;^.*lic;n^'ni:;"s^^:ij^^'^5;r  "> "-  ''-^'-  •^o^"" 
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I«Ilg  Suull  rojxkls  luid  Cornwull  rmuil,  Hi.  Luwifnn-  ri\.  r,  wis,  ,,< 


i»aU. 


I'!  AVr:  II. 


♦«,...^^^^"  ^  '■^■"■■P''y's).    The  Brav-ol  turns  more  bouldery  sind  less  markedly  stratified 
towards  the  top  of  the  deposit  (left  of  picture).  j         '.i  ^ 
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Platk  III. 


Pit  No.  .'it)  (Siiiitli'si.     Showing  boiildcry  (jnivfl  in  tho 
upprr  l)arl,  ami  bfconiiiiK  liner  towards  the  l)ottoiu. 


I'HTK    IV. 


Pit  Xo  ra  (Ilollislor's^.    'Showing  section  of  very  boul- 
(lory  gravel  directly  iiniierneuth  tlie  top  cf  the  ridge. 


Plate  V. 


P't  No.  92  (Froom'a).    Illustrating  stratification.     Boulder  sand  seen  at  the  extreme 
left  of  the  picture. 


Platb  VI. 


Adam'.s  (Quarry,  in  rock  outcrop  No.  2.) 
picture  shows  intciuteh  weathered  rock. 


The  upper  part  of  the  wall  in  centre  of 
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^Of  -       AreMlt  tnarcAted  fy  btup  .nc'tjd^  nor  only  actus!  rocir  outcrvps 
but  also  .f-Tss  wher"  thr  drif^  coi'"fn^  of't*v  '^qcA  is  tfi'n 

Arras  maicated  by  ^/veo  atys  t^o^e  oyer  wricn  fif^idstonf  occurs 

accumulated  in  quantities,  at/ier  naiuraliy  or  piled  .-n  fence!!  or  heapa 

Stony  areas  mth  boulders  thinly  scattered  oter  the  surf^e  "aye  tot  o«en  considered 

Areas  ihiucateu  by  rnj  are  tficse  irKere  g^'aiel  occw  's  at  or  close  to  tf>e  surface 
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